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Abstract — A large power system is subjected to various 
disturbances very changes in operating conditions cause’s 
oscillations and electromagnetic torque in the system [1]. The 
system variables such as frequency, load angle, active and 
reactive power of generator should be maintained within 
permissible limits and oscillations should be damped out as 
quickly as possible for a secured operation of a power system 
[2-3]. SMES is very effective to improving dynamic performance 
of power system due to its large energy storage capacity, fast 
response and negligible losses. The non linear and pulsating 
loads controlling can be done by utilizing by Superconducting 
Magnetic Energy Storage System (SMES) . In this paper a 
power conditioning system(PCS) is designed to achieve SMES to 
work as a shunt active power filter(SAPF) and power 
conditioner at the same time, (i) a sinusoidal input source 
current in phase with fundamental component of line to neutral 
source voltage irrespective of the load conditions (ii) Charging 
and discharging of SMES under constant voltage control mode. 
DC link voltage is kept constant by DC/DC Bidirectional 
Converter and source current is controlled by Voltage Source 
Converter (VSC).Simulation has been done in MATLAB/ 
Simulink and results are presented demonstrating the feasibility 
of the proposed power conditioning system. 


Index Terms — Matlab/ Simulink, MES, PCS, SAPF 
I. INTRODUCTION 

Superconductivity is a phenomenon in which when the 
temperature goes below a certain critical temperature of some 
material, the property of zero resistance occurs in the 
material. SMES (Superconducting Magnetic Energy Storage 
System) is a storage device in a form of long superconducting 
coil in which energy is stored in the form of magnetic field 
generated by the direct current flowing in it upto indefinite 
instant. Applications of Superconducting Magnetic Energy 
Storage system (SMES) are being studied and presented in 
many papers in recent years. Some important applications 
includes energy storage, system stability enhancement, 
diurnal load leveling and voltage stability (Transient and 
dynamic), static VAR compensation, current harmonics 
mitigation. The demand of electricity from consumers and 
industries is constantly changing from time to time. The 
voltage at the load end starts falling leading to voltage 
instability and collapse of total power system is the result of 
increasing demand during peak load hour if load leveling is 
not done for the continuation of power supply. Load leveling 
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plays an important role in case of Industrial load where 
violation of maximum power demands and power factor 
causes penalty to the industry concern. Load leveling can be 
ensured by storing the excessive energy of source during 
low-load hours and delivering the stored energy back in peak 
load hour. To satisfy the above criteria, energy storage 
devices are usually required such as batteries or 
superconducting magnetic energy storage systems. 

Lor the above applications the power conditioning system of 
SMES consists of a Voltage Source converter (VSC) and a 
DC/DC bidirectional converter. The first converter VSC 
interfaces dc-link with the ac supply system. It is regulated to 
obtain a source current in phase with source voltage 
irrespective of the load Conditions. DC/DC bidirectional 
converter is used to control charging and discharging of 
SMES coil. Making the dc-link voltage constant ensures 
direct exchange of power between grid and coil. 

Hysteresis band controller is used to control both the 
converter. In the voltage source converter it is used to control 
the source current, thus acting as a active power filter and in 
dc/dc converter it controls the charge-discharge cycle and the 
dc-link capacitor voltage. Hysteresis controller creates a band 
to bind the controlled variable within it. Switching pulses are 
generated when the controlled variable reaches the upper and 
lower bounds. A Luzzy Logic Controller (LLC) is used to 
control theSMES coil energy that indirectly controls the 
charging and discharging of coil. Practically, the operation of 
a superconductor is in form of pulsed signals that leads to ac 
current losses in thecoil. These losses should be taken into 
account during the design of the SMES refrigeration system. 

II. DESIGN AND CONSTRUCTION 

An SMES is a device that mainly reserve energy in the form of 
magnetic field. The dc current flowing in a superconducting 
coil, which is wound around a long core magnet, creates the 
magnetic field. Here, as the stored energy is in form of 
circulating current, it can be consumed from an SMES unit 
with spontaneous response. Here, also energy can be reserved 
or supplied over short or long periods lasting from 
milliseconds to many hours. 

An SMES unit includes of a large superconducting coil, 
whose temperature is maintained below the cryogenic 
temperature by a cryostat or Dewar that contains either helium 
or nitrogen liquid as the coolant. During standby condition, to 
reduce the energy losses a bypass switch is used. It also has 
certain merits that include shorting dc coil current if existing 
tie line is lost, give protection to the coil if cooling is lost or 
disconnecting power converters from service . 
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Fig 1: SMES design and construction 


Power condition system (PCS) is interconnected between ac 
system and superconducting coil of SMES to control the 
energy flow rapidly. STATCOM and three level dc-dc 
chopper has been used as ac/dc power conversionsystem to 
convert electrical energy from ac to dc or vice-versa [11]. The 
current in the coil continuously circulates during steady state 
operation (in standby mode). When a disturbance is sensed, 
the controller directs the PCS to exchange the real power 
between SMES coil and power system. The systematic 
exchange of energy between SMES coil and power system, 
stabilizes the power system quickly and hence maintained 
interruption free operating condition for optimum 
performance of critical processes. The current and voltage of 
the superconducting inductor are related as given in eqn. (1). 



Where L is the equivalent inductance of the SMES coil and 
ILO is the initial current of the inductor. The inductively 
stored energy (E in Joule) and the rated power (P in Watt) of 
SMES can be expressed as follows: 


P = V L 1 L 

W = -Lll 

2 L 


( 2 ) 


III. PRINCIPLE OF OPERATION 

The systems works on the principle of energy balance 
between sources, load and SMES coil. The source current can 
be described as 

h = h± h 

(1) 

Where Is= Source Current 
11= Load Current 
Ii= Inverter Current 

The output current of inverter is 

lr-tim 

( 2 ) 

Where Io= SMES coil current 

D = Duty cycle of dc/dc converter 
M = Modulation index of inverter 


Under load leveling condition the source current charges the 
coil when load power is less then source power. When, there 
is an increase in load occurs source power increases with load 
to its maximum and coil discharges to make energy balance 
between source, load andSMES. In the whole operation dc 
link voltage is kept constant. When the superconducting coil 
is in charging mode, the voltage across the capacitor will be 
decreased by 


V dc (t + At)=V dc (t)-(^)4t 

( 3 ) 

Where Vdc is the capacitor voltage (V), C is is the dc-link 
capacitance (F), and Io is the current in the inductor that 
increases by an amount of 


/ 0 (t + M)=/ 0 (t) + (^)At 

( 4 ) 

When the coil is in discharging mode, the voltage across the 
capacitor increased by 

^(t + 4t) = M0 + (^4t 

( 5 ) 

And current in the inductor reduces up to 

l Q (t + At) = / D (t) - C^^JAt 

( 6 ) 

Similarly, in the inverter side, the function of the hysteresis 
controller to control the value of ac source current so as to 
modify the effective value of capacitor voltage in the 
following fashion. When current builds up, i.e., source current 
increases toward the upper-limit 


ut+At) = ut) + c^4^)At 

ls S 


( 7 ) 

The capacitor voltage will be build up as 

V dc (t + At) = V dc {t) + t 

In the same manner, when the upper limit is reached, the 
current will now start to fall towardthe lower limit; the value 
of the source current then becomes 

And capacitor voltage will be reduced up to 

I s (t + At) = Ur) + ( Vs ~ VdM )At 

Lr S 

8) 

V dc (t + At) = V ac (t) - (^2)A r 

9 ) 

The exchange of power in load leveling condition is 
represented in . Under load leveling condition the source 
current charges the coil when load power is less then source 
power. When, there is an increase in load occurs source power 
increases with load to its maximum and coil discharges to 
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make energy balance between source, load and SMES. In the 
whole operation dc link voltage is kept constant. 

IV. STRUCTURAL TOPOGRAPHY 

The structural figure of the SMES unit with VSC-based PCS 
includes of a star-delta transformer, a basic six-pulse PWM 
converter with insulated gate bipolar transistor (IGBT) as the 
switching device, a two quadrant bidirectional dc-dc chopper 
using IGBT, and an inductor as the superconducting coil. The 
decoupling of ac/dc converter and the dc-dc bidirectional 
converter is obtained by a large dc link capacitor.A power 
electronic link between the ac supply network and the dc 
current controlled superconducting coil is established by the 
PWM VSC.The PWM signal is obtained for the switching of 
IGBT by comparing the reference signal obtained from abc 
conversion with the high frequency triangular carrier signal. 
Throughout the operation the dc voltage across the capacitor 
is kept at its reference value by the six-pulse PWM converter . 



Fig 2:VSC Based SMES 


V. PROPOSED SYSTEM TOPOLOGY 

A voltage bidirectional dc-dc chopper is used to regulate the 
charge-discharge of the superconducting coil. The dc-dc 
chopper is controlled to make the voltage across SMES coil 
such as positive (IGBTs are switched ON) or negative 
(IGBTs are switched OFF) and then the energy reserved in 
SMES can be supplied or consumed accordingly. Hence, the 
charging and discharging of superconducting coil depends on 
the average voltage per cycle across the coil that is calculated 
by the duty cycle of the two-quadrant chopper. In order to 
obtain thePWM gate pulses for the IGBTs of the dc/dc 
converter, the estimated signal is compared with the 
triangular/saw-toothed carrier signal . 



Fig3: Proposed system topology 

Here, the PCS consists of a VSC and A DC/DC converter to 
control the source current as well as the charge-discharge 
cycle of SMES. DC/DC converter is a simple voltage 
bidirectional converter consists of IGBTs and diodes . When 
the switches are ‘ON’ SMES coil gets charged and positive 
voltage is applied on it; when they are ‘OFF’ negative voltage 


is applied on it and it discharges through diode. In both modes 
current remains unidirectional. During standby condition one 
of the switches is ‘ON’ and current circulates between that 
switch and one diode. The switching of this is regulated to get 
a constant dc-link voltage. Here, VSC is a six-pulse 
conventional full bridge converter.IGBT anti-parallel with a 
diode is used as the switch to get bidirectional current. It is 
controlled to operate in both rectifying and inverting modes. 

VI. SIMULATION 

The diagram of the SMES system three phase star connected 
source of 400V rms voltage is used to supply power to a 
nonlinear load that is a three phase six pulse diode rectifier. 


SIMULATION OF VSC BASED SMES 




time(sec) 


Fig 4 Source voltage 
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Fig6: SMES voltage 


VII. CONCLUSION 

In this paper SMES acts a as shunt power filter & Power 
conditioning system and In the above results and analysis it 
has shown that the complete cycle of SMES that is charging, 
stand by and discharging can be controlled along with the 
sinusoidal nature of source current irrespective of load 
conditions. 

The above concept is fully exploited in this paper to derive the 
analytical expressions of load leveling and active power filter 
provided by a SMES in a simple power system.. 


[6] Transmission Power Quality benefits realized by a SMES -FACTS 
controller. In: Procd. of International Conference on Harmonics and 
Quality of Power, 2000, 

vol. I,p. 307-312. 

[7] Xue X. D., Cheng K.W.E. and Sutanto D.: Power system applications 
of superconducting magnetic energy storage systems. Imlndustry 
ApplicationsConference 2005, IAS Annual Meeting. Conference 
Record of 14th 2005, 1, p. 1524 - 1529. 

[8] Dagle J. E., Eckroad S. W., Trudnowski D. J., DeStees J..: A Case 
Study of Transmission Stability Enhancement Using 
Superconducting Magnetic Energy Storage (SMES).In: FACTS 
Applications, IEEE PES Publication no. 96TP116-0, 1996, p. 
8.82-8.87. 

[9] Anil Dahiya.: Eenergy function approach for transient stability 
enhancement of power system incorporating the effect of SMES. In: 
National Conference on PowerElectronics and Intelligent Control 
2007, 2007, India, 

p. 201-204. 

[10] Rao P., Crow M. L. and Young Z.: STATCOM control for power 
system voltage control applications. In: IEEE Trans, on Power 
Delivery, XV, No. 4, 2000. p. 

1311-1317. 

[11] Arsoy A. B., Liu Y., Rebeiro P. F. and Wang F.:STATCOM-SMES. 
In: Industry Applications Magazine, 

IEEE, IX, Issue 2, 2003, p. 21-28. 

[12] Molina M. G., Mercado P. E. and Watanabe E. H.:Dynamic 
Performance of a Static SynchronousCompensator with 
Superconducting Magnetic Energy 

[13] Storage. In: IEEE 36th Conference on PowerElectronics Specialists 
Conference 2005, pp. 224-230.Mohaddes, A. M. Gole and McLaren 
P. G.: A Neural Network controlled optimal pulse-width Modulated 

[14] STATCOM. In: IEEE Trans. Power delivery. XIV, No. 2, April 1999, 
p. 481-488. 

[15] Changaroon B., Srivastava S. C., Thukaram D. andChirarattananon 
S.: Artificial Neural Network based 

[16] Power System Damping controller for SVC. In: IEEProc. of 
Generation Transmission and distribution, vol. 146, Issue: 4. 1999, p. 
370-376.8 

[17] I)D.Harikrishna,N.VSrikanth,Y.Chandrashekhar, “Improved of 
Transient stability using Fuzzy logic Controlled SMES in matlab,” 
Informat. Control, vol. 12, pp. 94-102,2011 

[18] Marcelo Gustava Molina, R. M. Bucci, and K. T. Sweden, ’’Improved 
Superconducting Magnetic energy Storage Controller” IEEE 
Conference on Power Electronics Specialists Jun 1991 page no: 
338-344.. 

[19] I. D. Hassan, R. M. Bucci, and K. T. Swe, “400-MW SMES power 
conditioningsystem development and simulation,” IEEE Trans. 
Power Electron., vol. 8, no. 3, pp. 237-249, Jul. 1993. 

[20] Improved Superconducting Magnetic Energy Storage(SMES) 
Controller for High-Power Applications. Marcelo Gustavo Molina, 
Member, IEEE, Pedro Enrique Mercado, Senior Member, IEEE, 

[21] and Edson Hirokazu Watanabe, Senior Member, IEEE2007,pp 
228-258 


REFERENCE 


[1] Anil K. Dahiya; Ratna Dahiya; D. P. Kothari Power System 
Stablization using ANN controlled Statcom-SMES ,p.l-8;In Journal 
of Electrical Enginnering 

[2] Chen,Tjing J., lie T., and Vilathgamuwa D.M.: Damping of Power 
System oscillations using SSSC inreal-time implementation. In: 
Electiral power and Energy systems, XXVI, 2004, p. 357-364. 

[3] Indulkar C.S. and Kothari D.P.: Power SystemTransients: A Statistical 
Approach. Prentice Hall oflndia, New Delhi (Fourth Reprint 2003). 

[4] Arabic S. and Kundur P.: A Versatile FACTS device model for power 
flow and stability simulation. In: IEEE Trans, on Power systems, I, 
Issue 4, 1996, p. 1944- 

1950. 

[5] Ali M. H., Bin W., Dougal R. A.: An overview of SMES Application 
in Power and Energy Systems. In:IEEE Trans, on Sustainable Energy, 
I, 2010, p.38-47. 

Ribeiro P. F., Aysen Arsoy and Yilu Liu.: 


401 


www.erpublication.org 






